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SORPTION CHARACTERISTICS
OF ZEOLITE AND BENTONITE NATURAL
ADSORBENTS MODIFIED COMPLEX

Abstract. The main objective of our study is to obtain a complex compound from natural adsorbents to purify
wastewater with simultaneous sorption of chemical and microbiological substances contained therein, which
contribute to disinfection and softening of water, increasing the degree of treated water saturation with calcium,
magnesium salts and trace elements, while not requiring the use of sophisticated equipment. The technical result is to
create a complex of adsorbents with the sorbing ability of chemical and microbiological pollution, disinfecting and
softening water, enriching it with calcium ions, magnesium, sodium, potassium, as well as trace elements.
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Introduction. Currently, water purification is becoming one of the most common technological
processes in the world, including Kazakhstan. This determines the particular relevance of the issue of
reducing the cost of cleaning drinking water, and sewage [1]. In this regard, a very promising seems the
application of natural sorbents, deposits of which are available in Kazakhstan. In the literature appears
more and more with about the effectiveness of natural sorbents for disperse impurities, heavy metals, oil
and oil products, surface active agents, dyes, radioactive contaminants and others [2].

The study was intended to determine the methods of a promising approach, the creation of new types
of modified complex sorbents and an experimental evaluation of the effective use of a modified complex
of natural mineral sorbents, based on zeolite and bentonite, for the purification and conditioning
of drinking water and the purification of wastewater.

Technical characteristics of the studied adsorbents:

Bentonite (Mukrynskoye field of Almaty region) - natural clay mineral, hydroaluminosilicate, has the
property of swelling during hydration (14-16 times). In a confined space for free swelling in the presence
of water, a dense gel is formed that prevents further penetration of moisture. This property, as well as non-
toxicity and chemical resistance, makes it indispensable in industrial production, construction and many
other fields of application.

Natural bedding bentonites usually have a pH of 6-9.5 (for 5% aqueous suspension after settling for
1 hour) and contain less than 2% sodium carbonate; the total content of interchangeable sodium and
calcium does not exceed 80 me/100. There are two types of bentonites:

- Calcium, with a low degree of swelling;

- sodium, with a high degree of swelling (swelling rate less than 7 ml/g or more than 12 ml/g).

Chemical formula: Al2 [Si40i0] (OH)2 * nH20.

Chemical composition: SiO2- 58.25%; Al203 - 14.27%; Fe203 - 4.37%; FeO - 0.5%; Ti20 - 0.36%;
Ca0 - 2.07%; MgO - 3.67%; P205- 0.18%; S - 0.14%; K20 - 1.2%; Na20 - 2.25%; PPP - 12.19%.
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2 THETA degrees
E Sn 3 bentonite EENa0.61AI4.70Si7.32020(0OH)4 - 47-0197 (
Si02-Quartz - 46-1045 (*)
0 CaCoO3 - 85-0849 (A)

Figure 1- Radiograph of a sample of bentonite-montmorillonite (Mukrynskoye field of Almaty region)

Zeolites (Maytobinskoye deposit of Almaty region) - a large group ofminerals with similar
composition and properties; aqueous calcium and sodium aluminosilicates of the subclass of
frame silicates, with glass or pearlescent gloss, known for their ability to give and
reabsorb water depending on temperature and humidity. The most common representatives ofthe group of
zeolites - natrolit, shabazit, geylandit, stilbite (desmin ), mordenite, thomsonite, lomontite.

The crystal structure of natural zeolites is formed by the tetrahedral groups SiO24and AlO24, united
by common vertices in a three-dimensional framework, permeated with cavities and channels (windows)
of 2-15 angstroms[3]. The open frame-cavity structure of zeolites [AlISi] O4"has a negative charge,
compensated by counterions (metal cations, ammonium, alkyl ammonium and other ions, introduced by
the mechanism of ion exchange) and easily dehydrating water molecules.

Chemical formula: Zeolite-clinoptilolite, described by the idealized formula
(KNa,)4 CaAleSi3072 * 24H20 - is a crystalline aqueous aluminosilicate.

Chemical composition: AIl203- 12.9-13.2%; K20 - 4.0-4.8%; CaO - 1.8-2.4%;V - 0.001%;
Cu - 0.001%; Rb - 0.001%; SiO2- 66.2-78.3%; Na20 - 1.8-2.2%; Fe203- 0.8-1.2%; Mn - 0.001%;
Be - 0.001%; As - 0.03%.

2 THETA degrees
E 3n 2ceolite 0(Na,Ca)Al(Si,Al)308 ® CaCo3
Ca4Al8Si1604814H20- s N(CaO(Mg,Fe)02Si02) s Fe203
®Ca(Si7Al2)018-6H20- ® Sio2 ® Mg3Si4010(0OH)2-Vermi

Figure 2 - Zeolite radiograph (mine | Maytobe Almaty region)
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Materials and research methods. A sorbent based on zeolites modified by ion exchange of silver
ions is known for absorption of radioiodine and/or radiocaesium. After ion-exchange modification, the
sorbent is additionally treated with acetylene in a gaseous or liquid medium so that its carbon content in
carbon is 0.4 - 2,0 wt. The sorbent is designed specifically for purifying water from strong contamination
with radionucleotides, it is effective to purify drinking water, but it does not enrich water with calcium,
magnesium salts, as well as with trace amounts of elements from side groups ofthe Periodic System[4,5].

The technical result is achieved by the fact that the proposed sorbent of the following composition,
chemical formula: Zeolite-clinoptilolite, chemical formula: (KNa)4 CaAl6Si30 72 * 24H20 is a crystalline
aqueous aluminosilicate, chemical composition: Al203- 12.9-13.2%; K20 - 4.0-4.8%; CaO - 1.8-2.4%;
V - 0.001%; Cu - 0.001%; Rb - 0.001%; SiO2- 66.2-78.3%; Na20 - 1.8-2.2%; Fe203- 0.8-1.2%;
Mn - 0.001%; Be - 0.001%; As - 0.03% and Bentonite- hydroaluminosilicate, chemical formula:
Al2 [Si40i0(OH)2*nH2O0, the chemical composition: SiO2- 58.25%; Al203 - 14.27%; Fe203 - 4.37%;
FeO - 0.5%; Ti20 - 0.36%; CaO - 2.07%; MgO - 3.67%; P205 - 0.18%); S - 0.14%; K20 - 1.2%; Na20 - 2.25%;
PPP - 12.19% .

To test the effectiveness of the complex, natural adsorbents were taken in different
percentages, agglomerate was obtained: 1) zeolite (60%) and bentonite (40%), 2) zeolite (50%) and
bentonite (50%), 3) zeolite (40%) and bentonite (60%). Subsequently, capsules 10 mm wide, 15mm long
were made from the mixture obtained, acid activation was performed using 15 % H2SO4taken in an
amount of 50 % of the air-dry sample, the duration of treatment was 4 hours. In a muffle furnace at a
temperature of 400 degrees, heat treatment was carried out to increase the total porosity.

Determination ofthe sorbent porosity.

One of the most important characteristics of the adsorbent is the determination of its porosity, which
in general depends on its deposit. It is characterized by the total volume of all voids (pores) in the rock [6].

Determination of the porosity of the sorbent was carried out according to the following method. The
samples were boiled in a glass with distilled water for 1.5-2.0 hours and then weighed [7].

Sample density, water absorption and porosity were calculated according to table 1, where: mo - the
mass of the samples with suspension in water, g; m1 - weight of wet samples, g; m2 - weight of dry
samples g; m3 - suspension weight year.

Table 1- Incoming data for calculation (modified complex of bentonite and zeolite)

No

experience Material name mo, g mi, g mz,g m3, g
1 Zeolite complex (60%) and bentonite (40%6) 10,0018 314312 19.0645 0.5923
2 Complex zeolite (50%) and bentonite (50%) 9.6453 29.2576 16.7312 0.4627
3 Zeolite complex (40%) and bentonite (60%) 9,9459 31.2057 18,1124 04134
974 %61 936 644
Heavy metals, Zeolite (60%) Zeolite (50%0) Zeolite (40%)
mg/dm3 \Waste water Bentonite (40%) Bentonite (50%) Bentonite (60%)
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The results of the laboratory research on change of heavy metals in wastewater by modified complex
of natural adsorbents consisting of bentonite, zeolite in different percentages.

The limits of the relative total error of result, which is admitted, is equal to 2.0; at confidence
probability is 0,95. The results ofthe research are given in table 2.

Table 2 - Determination of porosity of bentonite and zeolite complex

Sample The name Sample weight, ~ Water adsorption, Density, Porosity,
number of material g % % %
1 Zeolite (60%) and bentonite (40%) complex 21,2145 76.0690 43.8490 73.45
2 Zeolite (50%) and bentonite (50%) complex 20,7124 77.7860 44,7296 7391
3 Zeolite (40%) and bentonite (60%) complex 19,9437 82,3320 45.6125 80,51

Determination of adsorption capacity according to methyl orange and iodine.

To determine the adsorption according to methyl orange we have chosen the method, introduced at
State Standard 4453-74.

For this purpose, the sample of coal was placed in a conical flask with capacity of 100 cm3, added
25 cm3 of methyl orange solution. After that, optical density was determined using a photoelectric
colorimeter.

As a control solution we used distilled water. From the received optical densities on the base of
calibrating graph we determined residual concentration of the pigment.

Adsorption activity was calculated by the formula 1 [5,8]:

(C-I- C2K) -0.025

X = m (1)

where C1- concentration of the original dye solution, mg/dm3; C2 - concentration of the dye solution after
interacting with tripoli powder, mg/dm3; K - dilution factor; m - weight of the coal sample, g; 0.025 - the
volume of methyl orange solution, dm3 .

The results of the research ofthe adsorption capacity are given in table 3.

Table 3- The results of the experiment to determine the adsorption capacity according to methyl orange

Adsorption capacity according to MO

Sample Weight Concentration, Adsorption capacity
of the sample, mg/dms3 according to MO, mmol /
g original residual g
1 Zeolite (60%) and bentonite (40%) complex 0.1 1500 0,600 0.6880
2. Zeolite (50%) and bentonite (50%) complex 0.1 1500 0,800 0.5351
3. Zeolite (40%) and bentonite (60%) complex 0.1 1500 0.750 0.6291

Determination of the adsorption capacity of tripoli by iodine was realized in accordance with the
State Standard 4453-74. lodine number is an approximate measure of the ability of a substance to adsorb
small molecules, which depends on the size of the surface area. The processing of the result was carried
out according to formula 2 [4,8]:

(Vi~ v2) m0.0127 -100 -1000
10 -m

(2)

where V1- the volume of sodium thiosulfate solution (0.1 n), which was used for titration of 10 cm3of
iodine solution in potassium iodide, cm3; V2 - the volume of sodium thiosulfate solution (0.1 n), which
was used for titration of 10 cm3 of iodine solution in potassium iodide, after processing it with bentonite
and zeolite complex, cm3; 0,0127 - the mass of iodine, which corresponds to 1 cm3of sodium thiosulfate
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solution, g; 100 - the volume of iodine solution in potassium iodide, which is needed for bentonite and
zeolite complex, cm3; m - the mass ofthe sample of bentonite and zeolite complex, 1.00g.
The results of calculation ofthe iodine number ofthe bentonite and zeolite complex are given in table 4.

Table 4 - The results of the experiment to determine the iodine number of the bentonite and zeolite complex

lodine adsorption capacity
The amount of thiosulfate

Sample Welght ofthe for titration’ cm3 lodine
sample, . adsorption capacity,
- Bentonite and
9 lodine zeolite complex mmol/g
1 Zeolite (60%) and bentonite (40%) complex 05 16,10 12.60 10.16
2. Zeolite (50%) and bentonite (50%) complex 05 16,10 12.40 12.70
3 Zeolite (40%) and bentonite (60%) complex 05 16,10 1252 11.80

Since bacterial spores are much more resistant to disinfecting agents than E.coli cells, the absence of
the latter in water does not guarantee absence of the spores. The indicator, showing presence of bacterial
spores in water was anaerobic spore-forming organism C. perfringens and aerobic spore-forming
bacterium B. subtilis. These bacteria differ in location of spores in a cell. Since their spores are able to
exist in water for much longer than coliform bacteria, they are resistant to disinfection and therefore serve
as indicators of long-term contamination and defects in filtering techniques at waterworks.

Tables 5-7 show the results of studying the effectiveness of NMS (natural mineral sorbents) regarding
removal of E. coli cells from water, as well as B. subtilis and C.perfringens spores.

The results shown in tables 5-7 indicate that NMS effectively remove microbial contamination from
water at the concentration of bacterial suspension (1.2+3.5) x 103 cells/ml.

At increasing the concentration of the bacterial suspension significantly [up to (3.1+3.2)
x104 cells/ml] in the filtrate inoculations you can find bacteria colonies. At the same time, their number
decreases in comparison with the initial by (4+5)x103times - for the filter. The effectiveness of reducing
microbial contamination with zeolite is significantly lower than in control, and is (2+2.8) x103times [9].

Table 5- The number of microorganisms E.coli ( X+x ) in water before and after filtration through filters (n = 5)

The number of microorganisms, cells/ml

. Filter type
Initial ) o ) ) )
Coal filter Zeolite filter Filter- zeolite, bentonite complex.
(12+0.1)x103 0 0 0
(35+0,2) x103 0 0 0
(32+0.2)x103 (1L5+0.3)x103 (0.7 +£0.05) x103 (0.6 £0.03) x103

Table 6 - The number of microorganisms B. subtilis (X+x) in water before and after filtration through filters (n = 5)

The number of microorganisms, cells/ ml

initial Filter type
Carbon filter Filter - zeolite, bentonite complex
(L5+0.1) x103 (15+0.1) *x101 (0.7 £0.02) x101
(34+0.2)xx103 (1,8+0.1) *x102 (11£0.02)x102
(32+0.1)x104 (45+0.1) *x102 (2,3£0.02) x102
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It should be noted that in practice in distribution networks, as well as at water withdrawal from a
natural water source, we face less severe microbiological pollution. Installations designed for water
disinfection in the field and built on the principle of ultraviolet bactericide irradiation are designed for coli
index of not more than 5 * 103 cells/I [10].

Determination of toxicity of water samples containing chemical toxicants (phenol, copper sulphate)
before and after passing through NMS filters was performed using Daphnia magna and microalgae
Chlorella vulgaris.

The data in table 7 show that water before passing through NMS filters had a toxic effect on the
Daphnia magna (the percentage of daphnia death in both cases exceeded 50%). After passing water
through NMS filters there was no toxic effect on daphnia in all cases, and the percentage of their deaths
hardly differed from the control one, except for the variant with bentonite at concentration of 1.5 mgl/I,
when the percentage death was 11%.

Table 7- The effect of NMS on the death of Daphnia magna (% to the control one)
in water samples containing toxicants (n = 5)

Toxicant content mg/| Original water Zeolite Bentonite
10.0 CuSO4 85+50 40x02 3002
50 50.0+30 30+01 30102
15 73025 110+ 05 40+03
0.05 570+ 15 30+02 30101

Notes: 1. In the control (cultivation water), no death was noted;

2. The duration of cultivation Daphnia magna in water samples is 96 hours;

3. After passing through the filters, the water pH in all variants of the experiment was in the limits of
7.0 ~ 7.2. The water was aerated for 1 hour.

Some indicators of the quality of tap water (Taldykorgan city) before and after filtering through
filter complex, containing the complex NMS studied in the work (bentonite and zeolite).

Conclusions. The received results testify that after passing tap water through the filter zeolite and
bentonite complex the composition of water had significant changes. Its organoleptic characteristics
significantly improved, in particular, they began to comply with the Sanitary Regulations and Standards in
smell and taste of water.

The iron content in water decreased by 9.5 times and began to comply with the Sanitary Regulations
and Standards requirements.

In the filtered water pH, the content of calcium, magnesium, silicon, hydrocarbonate ions, as well as
the total hardness and dry residue increased. This fact should be assessed positively, since it is known that
tap water is distinguished by low content of these essential elements, increased softness and total low salt
content.

Based on the analysis of technical and economic indicators for this experimental study we selected
material of the domestic resource base, mineral sorbents of different nature: zeolite and bentonite.
Experimentally we selected conditions for NMS activation. Most significantly (by 35-57%) PMS activity
increased after acid processing with a mixture of 10% sulfuric acid (1: 1).

The results of the conducted sanitary-microbiological studies have shown that NMS have pronounced
sorption properties against bacteria E.coli strain K12, as well as the spores B.subtilis and C.perfringes. All
studied NMS and their combination in the filter of zeolite and bentonite complex effectively remove
microbial contamination from water at the initial concentration (1.2 ~ 3.5) x103 cells/ml.

Since the work has not been completed yet, it is planned to conduct further studies and to offer
improvements of adsorption characteristics of the complex of natural adsorbents for water purification
from harmful impurities.
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LLEONMNT X3HE BEHTOHUT TABUTU AACOPBEEHTTEP1IHEH XXACAJITAH
MOANDPNKALUNANTAHTAH KELWWEHHLL, COPBLINATBIL, CUTTATTAMAJIAPBI

AHHOTauua. Makanaga aBTopnap aybI3Cy X3He nacTaHraH capkblHAbl akaba CyAbl Xorapbl A3pexeae Tasap-
Tyra KOJ »eTL3yre MyMLHIK 6epeTiH 6EHTOHWUT, LIEONIUT XK3He AMATOMUT HerisiHgeri K¥pamaacTbipblarad Taburu
afcopbeHTTep KelleHiH anyablH TWIMAI TEXHONOTUACHIH >Kacayra ThIPbICTbl, €ATKEHI 3WAHAbI KOCbIMbICTapMeH
nacray YP[ici xorapbl 60naTbiH Cy/fibl OpTaja Xorapbl KenTereH factaylibl 3aTTapfblH COHrbl H3TWXECI 60bIn
caHanagbl. OcbiraH 6aiinaHbICTbl TabUrn CyAblH NacTaHybl, OHbl Cy K¥ObIpbl CTaHUMANAPbIHAA KaHaraTTaHrbIChl3
TasapTyMeH, TapaTyllbl Xeninepae ekiHWwi peT nacTaHy apkblibl aHbIKTANATbIH aybl3Cy canacblHbiH npo6aemach
6ap. OcbiraH opaii cy k¥6blpnapbl 6ekeTTepiHAe canachl3 TasapTyfaH Taburu cynapabiH TapaTy XeninepiHae exiHLi
peT nacTaHybl cangapblHaH aybI3Cy CanacbiHbIH M3Ce/enepi TyblHAaAabI.

3epTTeyfiH MakcaTtbl - CyAbl Tasanay XaHe KoHavumsanay YLWiH Taburn MuHepanibl COpoeHTTepAl NaiifanaHy
TVIMAINIriH ic XY3iHae Taxipnbenik 6aranay.

3epTTeyaiH Herisri miHaeTi KYPgeni »xababIKTbl NaiganaHy bl Tanan eTrneiinH 1aburn agcopoeHTTepAeH Cyabl
TasapTy YLWiH KeleHAi KOCblbICTap ay, COHbIMEH KaTap copbumameH Gipre K¥pambiHAa XUMUATBIK XXIHE MUKPO-
BronorusabIK nacTaHy arjaibl Kesgeceda, Cyfbl 3anancbi3gaHablpyra XaHe X McapTyra biKnan eTeTiH, eHAenreH
CyZbIH KabLuii, MarHuii TpAapbIMEH XK3HE MUKPO3/IEMEHTTEPMEH KaHbIry AeHTeLLH apTTbipy 60/bIn caHanagbl.

JKyMbICTa LeonmT, GEHTOHUT casbl 3He XKency (XKoHrap) AnaTayblHbIH anaca Tay/nbl GenikrepiHie Kesge-
CeTiH LeonuT, 6EHTOHUT AMATOMUT Heri3iHAe abliHraH Tabury MuHepanabl COPO6eHTTEPAI aybI3Cy/ibl Ta3apTy dKIHe
KOHAMUMaNay X3He capKbiHAbl akaba cynapfbl CynbdartapiaH, rmapokapboHaTTapiaH, HUTpaTTapiaH, ayblip MeTan
MOHAAPbIHaH X3He 6acka fa 3UaH/bl KocnanapfaH Ta3apTyablH TIWMALLMH 3epTTey HITUXKENepi ~CbIHbIraH.

Taburu copbeHTTepALL, (PU3NKANbIK-XUMUANBIK, MUHEPAOrMANBIK K¥pambl XX3HE anblHraH K¥pama copbeHTTep-
OiH afcopOuMACBIHBIH TWMALIN 3epTTenfi, COpOeHTTIH K¥pamblHa XX3HE a/fblH ana TemnepaTypaibiK Mogudu-
Kaums acepLue 6aiinaHbICTbl COPOLMANbIK BeNCEHAINIK apTThl.

INCA Energy-350 «(Oxford Instruments) mukpoTangay xYVieci 6ap EVO 50 XVP» (Carl Zeiss) ckaHepneiinH
3NeKTPOHAbI MUKAPCKOMMeH peHTreHAWw dasanbik Tanjaynap HerisiHge Anmatbl 06/bICbl aymarbiHaarsl YKeticy
AnatayblHbIH anaca Taynbl 6eniriHge kesgeceTiH MaliTe6e KeH OPHbIHbIH LeonT X3He MyKpUH KeH OpblHAapbIHaH
eHAipiNeTiH GEHTOHUTTIH PU3NKATBIK-XUMUANBIK K¥paMbl 3epAe/IEHTEH.

ONeKTPOHAbI MUKPOCKOMNMEH 2T AeliH ANrainTbin PeHrpecKonMANbIK Tangay 34iciMeH 6eHTOHWUT NeH LeonuT-
TiH aybI3Cy MeH CapKbiHAbl akaba Cyfbl Ta3apTy >K3He canacbiH apTTbipy MakcaTbiHAa KongaHy 6apbiCbiHAa K¥pa-
MbIHAArbl ayblp MeTanfapabl CiHIpY agfieMLl apTTbIPaTbIH iprefi K¥pblibIMbiHAArbI 60C KybICTap aHbIKTaAbl.

OKCMEPUMEHTTIK 3epTTey HaTWXKenepi aybl3Cy MeH nacTaHraH capkbiHAbl akaba cybl ayblp MeTasgap UoHaa-
PbIH CLLPYALL eH >Korapbl Timginiri 900°C Temnepatypaga KYVigipinin, 6enceHginiri apTTbipbiiraH K¥pamaacTbi-
pblaraH Taburn copbeHTTeH GaiikanaTbiHbIH KEPCETTi.

AJbIHraH 3epTTeYy HITUXKEeNepi CTaTUCTUKAMbIK XarbiHaH eHfengi. XXYprisinreH akcnepumeHTTep 6apbiCbiHia
CaHWTap/bIK-rMrneHanblk HOpManapfbiH TananTapra Calikec, afjaMHbIH Kayincisgik enwemMpaepiHe xayan 6GepeTiH
CY[bIH canacbl apTTbl.

TYViH ce3pep: cy TasapTy, copbuys, Taburv aacopbeHTTep, anloMOCUAMKATTap, ayblp MeTanaap.

144



ISSN 2224-5278 Series ofGeology and Technical Sciences. 4. 2020

M. QxeTtmoBl, N. EceHrabbinosl, 3. MaiimekoB2, E. ToknaHoBl,
C. CoigbikbaeBal, XK. MmaHrasunHosal I'. Vicaesa3

DKeTbICyCKUiA roCyAapCTBEHHbIN yHUBEpeUTeT um. W. XKaHcyryposa, TangbikopraH, KasaxcraH;
2ANMaTUHCKNI Y HMBEPCUTET JHepreTukn 1 Cessu, Anmartsl, KasaxcTaH;
3KbIprbi3cko-TypeLKunii yHuBepenTeT «MaHac», bullkek, KelprbiacTtaH

COPBUNOHHBIE XAPAKTEPUCTUKN MOANPUNLINPOBAHHOIO KOMIMMEKCA
N3 NMPNPOOHBIX AJCOPBEHTOB LLIEOJIUTA NBEHTOHUTA

AHHOTauus. B cTaTbe aBTOpPbI MONbITAIMCL CO34aTb APHEKTUBHYHO TEXHOMNOTMIO MOMTyYEHNS KOMMIeKca 13
NPUPOAHBIX aACOP6EHTOB Ha OCHOBE GEHTOHWTA W Le0uTa, MO3BOMAOLLYIO0 JOGUTHLCSA BbICOKOW CTEMEHWN OYMUCTKU
MUTBEBLIX W CTOYHbIX BOA OT 3arps3HEHWIA, TaK Kak HauboMbLUMiA MPEecc KO- TOKCUYHOCTW MCMbITbIBAET BOAHAS
cpeda, ABMSSICb KOHEYHbIM pe3epByapoM GO/bLUMHCTBA 3arpA3HAIOLLMX BewwecTB. B cBA3uM ¢ 3TuM cyllecTByeT
npobnema kayectTBa NMUTLEBOW BOAbl, OMpefensieMas 3arps3HeHUeM MPUPOLHONA BOAbI, HeyAOBETBOPUTE/NLHON
OYMCTKOM e Ha BOJOMPOBOAHbIX CTAHLMAX, BTOPUYHBIM 3arpsi3HEHNEM B Pa3BOAALLMX CETAX.

Llenb faHHOro mccnefoBaHWs 3akodanacb B 3KCMEPUMEHT/IbHON OLeHKe 3((EKTUBHOCTM MCMO/b30BaHNS
NPUPOLHbLIX MUHEPASIbHBIX COPOEHTOB AJ11 OUMCTKMN U KOHAMLMOHNPOBaHNS BOAI.

OCHOBHOI 3afaveii nccnefoBaHns ABAAETCA MOMYYEHNE KOMIIEKCHOTO COeAMHEHNS U3 MPUPOAHbIX aacop6eH-
TOB [/15 OYWLLEHMSI CTOYHON BOAbl C OJHOBPEMEHHOW COPOLMEN, COAEPXKALLMXCA B HEl XUMUYECKMX U MUKPO-
6MONOTNYECKNX 3arPS3HEHNI, CMOCOGCTBYHOLWMX 06€33apaXKMBAHMI0 U YMATYEHUIO BOAbI, MOBbILIAKLWMX CTENEHb
HacbILWeHns 06paboTaHHOK BOAbI COMSIMM Ka/lbUWsi, MarHWS M MWUKPO3MEMEHTaMu, Mpy 3TOM He TpebyroLlero
NCMO/b30BaHUA C/TIOXKHOIO 060pYA0BaHMS.

B paboTe npeAcTaBneHbl pesybTaTbl CCNeA0BaHNS APHEKTUBHOCTY MPUMEHEHNS MPUPOAHBIX MUHEPa/IbHBIX
COpP6EHTOB, MOMYYEHHBIX HA OCHOBE LIE0NINTa, GEHTOHUTOBLIX /IMH W AUATOMUTA HU3KOTOPHbIX YacTeil YKeTbicyc-
koro ([>xyHrapckoro) Anatay 41 OYMCTKM U KOHAWLMOHMPOBAHMA NUTLEBOI BOAbLI U JOOUNCTKM CTOYHbIX BOZ, OT
cynb(aToB, rMapoKapboHATOB, HATPATOB, MOHOB TSHXKENbIX METAII0B M LPYTUX BPeAHbIX NPUMECENA.

M3yuyeHbl (PU3MKO-XMMUYECKWIA, MWUHEPAIOTMYECKUIA COCTaB MPUPOAHBLIX COPOEHTOB U 3(h(hEKTUBHOCTb
afcopobuuy NosTyYeHHbIX KOMOMHMPOBaHHbLIX COPBGEHTOB, OBHapY)XXEHO yBeNWYeHWe COPOLMOHHON aKTMBHOCTW B
3aBMCUMOCTM OT COCTaBa COp6eHTa M BAMSHWS NPeABapUTENIbHON TeMMepaTypHO MognprKaLmm.

[na onpegeneHus (U3MKO-XMMUYECKOTO COCTaBa WCMO/b30BaH METOZ KOAUYECTBEHHOTO XMMMYECKOro M
peHTreHoasHOro aHanusa Leonnta MalTOBUHCKOr0O M 6GeHTOHMTa MYKPUHCKOTO MeCTOPOXAEHWIA, pacnono-
YKEHHBIX Ha TeppUTOpPMU ANMATMHCKOI 06/1aCTV C MOMOLLBIO CKaHMPYHOLLEro 3/1eKTPOHHOro Mmnkpockona “EVO 50
XVP” (Carl Zeiss) ¢ cuctemoii 30HAoBoro MmwukpoaHanmsa “INCA Energy - 350" (Oxford Instruments).
PeHTreHOCKONMYeCKuii aHa/m3 ¢ MOMOLLbIO 3/1EKTPOHHOTO MMUKPOCKOMA C YBEIMUYEHWEM 0 2LiLL NOoKa3an nycToThbl B
KapKaCHOW CTPYKType LeonmTa U GeHTOHUTA, MOBbILWAKOLLME afcopOuMM MOHOB TSHKENbIX METaII0B Npu npumMe-
HEHWW NS OUYUCKN N KOHAEHECUPOBaHMSEe CTOYHbIX U MATEBLIX BOA,

YCTaHOBMIEHO, YTO Hambo/blias 3((EKTUBHOCTL AACOPOLMM MOHOB TSXKENbIX METa/I0B Habnwogaetcs Ans
copb6eHTa, NpoLleALLlero TemnepaTypHyto Moaudukaumto npu 900°C.

MonyyeHHble pesynbTaTbl WCCNEAOBaHUIA CTaTUCTUYECKU 06paboTaHbl. B XxoAe MPOBOAMMBIX 3KCMEPUMEH-
TOB MOBBICU/IOCH KA4eCTBO BOfbl, OTBEYatOLLEe KpMTepuaM 6e30MacHOCTU YenoBeKa B COOTBETCTBMM C CaHUTapHO-
FUTUEHNYECKUM HOPMUPYEMbIM TPEOOBaHUAM.

KntoueBble CN0Ba: OYMCTKA BOAbI, COPOLYS, MPUPOAHbLIE aACOPOEHTbI, &/IFOMOCUINKATLI, TSHXKE/ble METa/bl.
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